A virus infection caused by Melolontha melolontha L. (Coleoptera: Scarabaeidae) entomopoxvirus (MmEPV) was recorded in 0.87% of 1,260 larvae collected in [2001][2002] in Trabzon, Turkey. The diseased larvae had dark brown or black and white spots, compared to the normal white-cream colour of healthy larvae. MmEPV infections reduced the larval life span from 6 mo to 15Ϯ5 d (MeanϮS.D.). Based on light and electron microscopic observations, the average length of the spheroids was 5.45Ϯ2.34 mm (MeanϮS.D.) and the average width was 2.89Ϯ1.13 mm (MeanϮS.D.) (nϭ50). The presence of a virus was also demonstrated in a DNA-DNA hybridization assay. The bioassays carried out to determine the infectivity of MmEPV proved its effectiveness against the third-instar larvae of the M. melolontha. The highest insecticidal activity determined in the M. melolontha larvae was 93.3% at the concentration of 7.5ϫ10 6 spheroids/ml. Our results suggest that a Turkish isolate of MmEPV is promising for biological control of the M. melolontha larvae.
INTRODUCTION
The Melolontha melolontha entomopoxvirus (MmEPV) was the first poxvirus to be described as associated with an insect disease (Vago, 1963) . Since then, many entomopoxviruses (EPVs) have been found, infecting Coleoptera, Lepidoptera, Diptera, Hymenoptera, and Orthoptera (Goodwin et al., 1991; Arif, 1995) . Twenty EPV strains were recorded in Scarabaeidae (Glare and Jackson, 1992; King et al., 1998) . The virus described below is the first isolate of the MmEPV found in Turkey and the second in the world.
In the late stage of EPV infection, the virions are generally occluded into a paracrystalline proteinaceous matrix giving rise to large oval-shaped or paraspherical occlusion bodies originally designated as "spherules" (spheroids) in the MmEPV infection (Bergoin et al., 1969) . Once released from cadavers, the spheroids ensure the survival of the virions during the extracellular phase of their lifecycle, thus allowing the natural prevalence of the disease. In this respect, the EPV occlusion bodies fulfill the same functions as those of the polyhedra or capsules of baculoviruses (Bilimoria, 1991) or the polyhedra of cypoviruses (Hukuhara and Bonami, 1991) . A salient feature of several EPV infections, including those of Coleoptera and of some Lepidoptera, is the presence of a second type of cytoplasmic spindle-shaped inclusion. These cytoplasmic paracrystalline inclusions are named "spindles". Unlike the spheroids, the spindles are devoid of virions. The gene coding for fusolin (fus gene) that forms the spindle was identified by Bergoin et al. (1970) .
M. melolontha L. (Coleoptera: Scarabaeidae) is one of the most important pests of hazelnuts in Turkey. At present, chemical pesticides are used to control this pest in Turkey, but they have hazardous effects on the environment. Recent concerns about both the hazardous effects and the inadequacy of the chemical pesticides in the environment have encouraged a number of scientists to search for more effective and safer control agents. A French isolate of MmEPV was studied in detail in Europe (Bergoin et al., 1969 (Bergoin et al., , 1970 (Bergoin et al., , 1971 Sanz et al., 1994; Arif, 1995; Gauthier et al., 1995) . Since Turkey acts as a bridge connecting Asia and Europe, the study of a Turkish isolate of the M. melolontha EPV is of great importance. In this study, a Turkish isolate of MmEPV was characterized and its biological characteristics were determined.
MATERIALS AND METHODS
Insect collection. Melolontha melolontha larvae showing the signs of viral infection (Evans and Shapiro, 1997) , and healthy larvae were collected during 2001-2002 from hazelnut fields in the vicinity of Trabzon (Northern Turkey) in order to investigate a viral infection. The larvae were brought to the laboratory and placed individually in bottles.
Microscopic observations. Of body fat and hemocytes taken from the diseased and dead larvae and examined under a microscope (Nikon Phase Contrast Eclipse E600), some samples showed a large number of spheroids. After the microscopic observation, a thin smear of infected tissue was made on a microscope slide and stained for 45 min in 10% Giemsa in 0.02 M phosphate buffer and 5 min in Buffalo Black 12 B. After staining, the spheroids were examined under an oil immersion objective. The spheroids were also studied under a transmission electron microscope (TEM) (Philips JM 208) (Radek and Fabel, 2000) . To determine the virion number in a spheroid, 50 randomly selected spheroids were counted under TEM.
Purification of spheroids. A stock of MmEPV was obtained by infecting M. melolontha larvae with inocula extracted from the field-collected and infected larvae and stored at Ϫ20°C until use (Sezen, 2004) . The larval tissues were homogenized with 0.1 M Tris-HCl (pH 7) containing 0.01% SDS. The homogenate was frozen, thawed, and passed through cheesecloth. The spheroids were pelleted at 1,000ϫg for 10 min, resuspended in the sterile water, layered on a 40-65% (w/w) continuous sucrose gradient, and then centrifuged at 16,000ϫg for 30 min (Beckman Optima LE-80K Ultracentrifuge, SW40Ti Rotor, 5°C). The band containing spheroids was recovered, diluted with water, pelleted, resuspended in water, and stored at Ϫ20°C (Hernandez-Crespo et al., 2000) .
DNA extraction. The purified spheroids were dissolved in 0.2 M sodium thioglycollate and 0.2 M sodium carbonate, pH 10.9, for about 30 min. An equal volume of 1 M Tris-HCl (pH 7) was added. The virus suspension was treated with the proteinase K (500 mg/ml) and 2% sarcosyl at 45°C overnight. Sodium and cetyltrimethylammonium bromide were then added to the final concentrations of 0.5 M and 0.015%, respectively, and incubation was continued at 60°C for 1 h. The viral DNA was extracted twice with phenol, and once each with phenol:chloroform and chloroform (Hernandez-Crespo et al., 2000) . Preparation of a DNA probe. A gene-specific probe was obtained by digesting pUC19 plasmid containing the fus gene of Choristoneura fumiferana (Lepidoptera: Tortricidae) EPV (CfEPV) with EcoRI. The digest was analyzed by 0.7% agarose gel electrophoresis in TAE (0.04 M Tris-acetate, 0.001 M EDTA pH 8.0) buffer, containing ethidium bromide. After separation, the fragment was purified after the separation by the electrophoresis and eluted with a GeneClean Kit (Qiagen, Hilden, Germany), and the probes were labeled using the DIG High Prime DNA Labeling and Detection Starter Kit I (Roche Diagnostics GmbH, Germany).
DNA-DNA hybridization assay. Using a slotblot apparatus (Hoefer Scientific Instruments) the DNAs (10 mg) were vacuum-blotted onto a nylon membrane. Prehybridization and hybridization were carried out following the supplier's protocols (Roche Diagnostics) using the DIG High Prime DNA Labeling and Detection Starter Kit I (for color detection with NBT/BCIP). All experiments in the study included a positive and negative control; the positive control was the DNA from CfEPV, and the negative control was the DNA from uninfected M. melolontha larvae.
Infectivity of MmEPV. An artificial diet was prepared from the roots of Corylus sp. and collected field soil, which was then sterilized. The diet was placed in glass containers (80 mm in diameter). One milliliter of suspension containing purified spheroids was applied to the diet surface. For each infectivity test, 10 third-instar larvae were placed on the diet in the containers, and kept at 26Ϯ2°C (S.D.) and 60% RH with a change of diet every 5 d (Lipa et al., 1994) . The larval mortality was recorded every 24 h, and all the dead larvae were removed from the containers. All the bioassays were repeated three times on different occa-sions.
Pathogenicity of MmEPV. The purified spheroids were used for inoculation to M. melolontha larvae collected from hazelnut fields for each assay. The concentration of MmEPV spheroids was determined with a hemacytometer, and the suspensions containing 7.5ϫ10 6 , 1.5ϫ10 4 and 1ϫ10 2 spheroids/ml (1 ml of each suspension for 10 larvae) were administrated as described above. All the bioassays were repeated three times on different occasions.
Effect of temperature on MmEPV infection. To determine the optimum infection temperature, 7.5ϫ10 6 spheroids/ml MmEPV (for 10 larvae) was used for the inoculation as described above, at 20, 22, 25, 28 and 30°C. After the infection period (5 d), the rearing temperature was adjusted to 26Ϯ2°C (S.D.). Thirty larvae were used for each temperature. All the bioassays were repeated three times on different occasions.
Horizontal infection of the MmEPV. Three experimental groups were set up to determine the horizontal infection of MmEPV. The first group included 30 third-instar larvae fed on the MmEPVcontaminated (7.5ϫ10 6 spheroids/ml) diet. The second group was set up in the same way as the first group, but at 7 d post-treatment, 30 healthy larvae were added to this group after removing the contaminated diet. In this group, a total of 60 larvae (infectedϩuninfected) were fed on the uncontaminated diet for 40 d. The third group consisted of 30 healthy larvae fed on the uncontaminated diet. All the bioassays were repeated three times on different occasions.
RESULTS AND DISCUSSION

Entomopoxvirus occurrence
As shown in Table 1 Our results indicate that MmEPV infection occurred at a low level during surveying seasons. Generally, the coleopteran infections in nature are found at a low level. Milner and Lutton (1975) determined that 2.2% of Othnonius batesi in a natural population exhibited the symptoms of virus infection. Wegensteiner and Weiser (1995) reported that the Ips typographus (Coleoptera: Scolytidae) EPV (ItEPV) was present only in 0.3% of larvae (nϭ 886).
Light microscopy
The spheroids were stained blue by Giemsa and black by Buffalo Black 12 B (data not shown). The spheroids were oval and measured 5.45Ϯ2.34 mm (MeanϮS.D.) in length and 2.89Ϯ1.13 mm (MeanϮS.D.) in width (nϭ50). The length of spheroids in insect poxviruses ranges from 1 (Amsacta moorei EPV) to 25 mm (Phyllopertha horticola EPV) (Granados, 1973) . Arif (1991) reported that the length of MmEPV spheroids is 10-24 mm. There are some differences between the lengths of the Turkish and French isolates. The spheroids of Turkish isolate were considerably smaller than those of French isolate although their minimum and maximum size ranges overlap. Figure 1a illustrates a thin section of MmEPV spheroids. The average number of virions occluded per spheroid was 16Ϯ4 (MeanϮS.D.) (nϭ50). The folds in the outer envelope produce the beaded appearance typical of EPVs. In Fig. 1b, a longitudinal section through the virus core shows the unilaterally concave shape common to the EPVs in genus A. The virions were ovoid in appearance, with a length of 450 nm and width of 260 nm. The average length of spindles was determined as 1.071Ϯ1.186 mm (MeanϮS.D.) (Fig. 1c) . The minimum and maximum lengths of spindles in the MmEPV Turkish isolate were 0.22 and 4.4 mm, respectively. Spindles can vary a great deal in size, even within the same species, from 0.5 to 12 mm (Vago and Bergoin, 1968) .
Electron microscopy
Slot-blot hybridization
The viral infection of M. melolontha was also demonstrated by the DNA-DNA hybridization. The experiment was designed to confirm that the larvae were infected with an EPV. The hybridization assay showed that the CfEPV fus probe hybridized with DNA extracted from EPV spheroids of common cockchafer larvae and CfEPV DNA (positive control). Hybridization was not observed between the probe and DNA from the uninfected larvae (negative control) (Fig. 2) . These results also indicate that the isolated agent was an EPV. There was DNA sequence homology between the CfEPV and MmEPV Turkish isolate. However, the degree of homology was lower between the CfEPV and MmEPV French isolate. Gauthier et al. (1995) compared the amino acid sequence of MmEPV (French isolate) fusolin with the NBRF data library. This study revealed 51% identity to the CbEPV and HsEPV fusolin polypeptides.
Pathogenicity of MmEPV on M. melolontha larvae
The experimental infections in the laboratory indicated that the MmEPV has infectivity against the third-instar M. melolontha larvae. The MmEPV infection reduced the larval life span from 6 mo to 15Ϯ5 d (MeanϮS.D.) in laboratory conditions. The previous studies show that the survival time of EPV-infected insects varies considerably, from 20 to 60 d (Jaeger and Langridge, 1984) . The symptoms of the disease vary among hosts. In some hosts, the larvae show little sign until late in the infection, when motility and coordination are adversely affected. The majority of virus replication and the formation of occlusion bodies appear to take place in the fat body tissues between 8 and 10 d post-infection; however, this can vary from species to species. Also, the infection period can be very long (up to 40 wk) (King et al., 1998) . Hurpin (1968) determined that the infection time of the French isolate of MmEPV may require a long period, up to 8-13 wk, on the M. melolontha larvae. The same study shows that B. popilliae subsp. melolonthae and Rickettsiella melolonthae have an LT 50 of 7-9 and 5 wk on M. melolontha larvae, respectively. MmEPV-infected larvae change colour from white-cream to dark brown and black with the hemolymph becoming whitish-blue, possibly because of the accumulation of the spheroid occlusion bodies. It is reported that the Estigmena acrea larvae infected per os usually die between 10 and 12 d post-infection (King et al., 1998) . One report indicates that first-instar Melanoplus sanguinipes larvae succumb after 2 d by the M. sanguinipes EPV (Woods et al., 1992) . Another study shows that the infected Chironomus attenuates and Goeldichronomus holoprasenus larvae may take a considerable time, up to 8 wk die (Huger et al., 1970) .
In this study, the maximum infection (93.3%) occurred when 7.5ϫ10 6 spheroids/ml were used ( Table 2 ). The insecticidal activities of the rest of the samples were 80% with 1.5ϫ10 4 and 36.6% with 1ϫ10 2 spheroids/ml on the larvae of M. melolontha. We recorded that there were significant changes in the mortality depending on the number of spheroids. Our results indicate that the M. melolontha EPV Turkish isolate may be valuable as biological control agent against the M. melolontha pest. Therefore, this virus is a possible candidate for biological control studies in the future. However, further studies will be necessary to improve the infectivity of this virus.
Effect of temperature on MmEPV infection
The rate of development of viruses in insects depends on the temperature: the disease develops more effectively at higher temperatures (Krieg, 1955) . To determine the optimum temperature for the infection of MmEPV, 7.5ϫ10 6 spheroids/ml MmEPV was applied to third-instar M. melolontha larvae at 20, 22, 25, 28 and 30°C. The highest infection rate was observed at 25°C (Table 3) . Since the optimum growth temperature of the host was about 25°C, it is expected that the optimum temperature for infection of MmEPV is also 25°C. Hurpin (1968) investigated the number of dead and diseased larvae and stained the smears of hemolymph to determine the MmEPV infection over a 2 wk period. He also tested the effect of temperature on the infection of MmEPV. The results show that temperature acts not only on the growth of the host, but also on the infectivity of MmEPV. According to Hurpin (1968) , the optimum conditions for the infectivity of the French isolate of MmEPV is third instar larvae and at 25°C.
Horizontal infection of MmEPV
Since the number of the infected larvae increased up to 39, it is obvious that there was a horizontal infection among the larval population. The results show that the horizontal infection of MmEPV was 36.6% in the populations of M. melolontha from Trabzon, Turkey (Fig. 3) . Our ob- The temperature in the Black Sea region of Turkey is approximately 23-25°C in early spring and early autumn (especially in April and September). Our results show that the proportion of EPV infection increased in these months. At these times, when insects were very hazardous on hazelnuts, the MmEPVs were very effective on the larvae of M. melolontha. Especially, the field evaluation times should be in spring or autumn in view of the temperature and humidity of the soil of this region. From an ecological standpoint, this is important for M. melolontha, the larvae of which live in soils where the temperature is usually 20-25°C.
The extracted scarab virus has microscopical, pathological, and molecular properties that are characteristic of the EPVs (Arif, 1991 (Arif, , 1995 . This study represents the first report of an EPV from a coleopteran host and the first record of an EPV disease in Turkey. Although several EPV strains are isolated from Scarabaeidae (Glare and Jackson, 1992; King et al., 1998) , there is another report of isolation of an EPV from M. melolontha (Vago, 1963) in nature. The Turkish isolate is the second isolate of M. melolontha EPV in the world. Our results show that the Turkish isolate of M. melolontha EPV is promising for use in the biological control of M. melolontha, which causes very serious damage to hazelnut products. It will be necessary to carry out a molecular characterization of our isolate to compare it with other EPVs. Fig. 3 . Horizontal infection of MmEPV. Thirty M. melolontha larvae were fed MmEPV Turkish isolate-contaminated (A, B) diet. After 7 d, insects were transferred onto fresh diet. At this time, 30 healthy larvae were added into group B. Mortality was observed up to 40 d.
